Objective: To estimate the association of passenger seating position with the risk of death for passengers in traffic crashes. Design, setting, participants: Matched cohort analysis of data from the National Highway Traffic Safety Administration Fatality Analysis Reporting System regarding 56 644 passengers in 23 308 passenger cars, light trucks, vans, and sport utility vehicles that crashed during [1990][1991][1992][1993][1994][1995][1996][1997][1998][1999][2000][2001]. Main outcome measure: The adjusted risk ratio (aRR) for death of a rear seat passenger compared with a front seat passenger within 30 days of a crash. Results: The aRR for all passengers in the rear seat in a crash was 0.79 (95% CI 0.77 to 0.82). This estimate varied by age, restraint use, and the presence of a front passenger airbag (p,0.001). For restrained passengers in cars with a front passenger airbag, the aRR was 0.62 (95% CI 0.48 to 0.81) for children 0-12 years, 0.96 (95% CI 0.88 to 1.06) for passengers 13-29 years, 1.03 (95% CI 0.93 to 1.15) for passengers 30-59 years, and 1.06 (95% CI 0.90 to 1.26) for passengers 60 years or older. The rear seat was associated with more protection in cars without front airbags and more protection for unrestrained passengers compared with restrained passengers. Conclusions: Previous studies have reported that the rear seat was safer for persons of all ages; thus seating a young child in the rear has often meant that older children and adults had to assume an increased risk of death by sitting in the front. These results suggest that when front passenger airbags are present and passengers are restrained, putting adults in front and children in back enhances child safety without sacrificing adult safety. P revious studies have estimated that sitting in the rear seat as opposed to the front seat may reduce the risk of passenger death in a traffic crash: estimates of risk reduction range from 26% to 41%.
P
revious studies have estimated that sitting in the rear seat as opposed to the front seat may reduce the risk of passenger death in a traffic crash: estimates of risk reduction range from 26% to 41%. [1] [2] [3] [4] [5] Some of these studies had limited ability to control for possible confounding or had limited power to examine how the estimated association varied with age or other factors. Few of these studies examined how this possible protection may have changed with the introduction of front seat airbags.
The risk ratio for death for passengers in the rear seat, compared with the front seat, may be estimated using matched cohort methods. By estimating associations among passengers who crashed in the same vehicle, this design removes confounding by vehicle make, model, crash speed, and other measures of crash severity. 6 7 Individual-level factors such as age, gender, seat belt use, airbag presence, and seat position may vary among passengers in the same car, but we can control for these factors with regression methods. 7 The main purpose of this study was to estimate the association between seating position and death in a traffic crash using a matched cohort design. In addition to estimating the average association for seating position, we wished to estimate how that association varied by age, seat belt use, and the presence of an airbag for the front passenger. We also estimated restraint effectiveness by seat position, age, and airbag presence, as few studies have estimated rear seat restraint effectiveness.
METHODS
The National Highway Traffic Safety Administration operates the Fatality Analysis Reporting System (FARS) that collects information regarding all US crashes on public roads that result in a fatality within 30 days. 8 We selected all passenger vehicles that crashed in 1990 through 2001 in which there were two or three passengers (in the right front, left rear, or right rear seat) and at least one person died among the passengers selected. Motor vehicle crashes in which all the passengers survived are not usually in the FARS data; however, these vehicles are not needed to estimate the average risk ratio for all crashes when matched cohort methods are used. 9 We included passenger cars, minivans, large vans, light trucks with a second row of seats, and sport utility vehicles produced in model years 1975 through 2001. Vehicles in which passengers were riding in a non-passenger area such as a truck bed or cargo area were excluded. Vehicles were excluded if they had passengers in seat positions other than the right front, left rear, or right rear. Since information about airbags is often missing in FARS data, we used software that can ascertain airbag presence from the vehicle identification number. 10 Missing data A total of 56 644 passengers in 23 308 vehicles were selected for the study; however, 16% of vehicles were missing some information about restraint use, sex, age, or airbag presence. We used multiply imputed data available on the Harborview Injury Prevention and Research Center website for 1990-2001 to account for the missing data. 11 We computed confidence intervals that accounted for both the variance within each imputed data set and the variance between the 10 imputed data sets.
Main study exposure: seating position We studied passengers in the right front seat (front seat) and in the right and left rear seat positions (rear seat). Drivers were not included in our study as there is no expectation that drivers might sit in any other seat position to reduce their risk of death. We limited our analysis to passenger seat positions only, as passengers have the option of sitting in the front or rear seat.
Secondary exposure: restraint use Restraint use was categorized as restrained or unrestrained. Passengers were classified as restrained if they were using a lap belt, shoulder belt, lap and shoulder belt, or a child safety seat.
Outcome
The outcome in this study was death within 30 days of a traffic crash.
Potential confounding variables
Variables that we treated as potential confounders in the seat position analysis included passenger age (in years), passenger sex, and restraint use. We adjusted for age using 10 categories (0-4, 5-12, 13-18, 19-29, 30-39, 40-49, 50-59, 60-69, 70-74, and 75 or more years) using quadratic splines with knots at age category divisions and the tails restricted to be linear. 13 
Statistical methods
We estimated the adjusted risk ratios (aRRs) for death in a traffic crash for rear seat passengers compared with front seat passengers and for restrained passengers compared with unrestrained passengers using conditional Poisson regression. 7 The aRRs were estimated by comparing passengers who crashed in the same vehicle, thereby controlling for vehicle and crash characteristics. We assessed whether our estimates of the effect of seat position varied by passenger sex, age (categorized as 0-12, 13-29, 30-59, and 60 or more years), restraint use, and front passenger airbag presence. To evaluate statistical interaction terms in the regression models, we used the likelihood ratio test. The analysis was performed using Stata statistical software version 9.1.
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RESULTS
The final study sample consisted of 56 644 passengers in 23 308 vehicles; 60% of the passengers were in the rear seat and 40% were front seat passengers. There were 28 440 deaths in the study sample; 46% of rear seat passengers and 57% of front seat passengers died (table 1) . Restraints were used by 34% of rear seat passengers compared with 51% of front seat passengers. The mean ages of rear and front seat passengers were 26 and 33 years, respectively. Rear seat passengers were more often male (54%) compared with 50% of front seat passengers. Among front seat passengers, 18% had an airbag present.
Accounting for matching in the vehicles and after adjustment for age, sex, and restraint use, the rear seat position was associated with a lower risk of death compared with the front seat: aRR = 0.79 (95% CI 0.77 to 0.82). Airbag presence was not adjusted for since it was always perfectly correlated with front seat position within each car.
We found evidence that the effect of the rear seat position varied by age, restraint use, and the presence of a front passenger airbag (p,0.001) (table 2). The risk of death for a rear passenger, compared with a front passenger of the same age, was reduced most among children and among passengers who were unrestrained. For rear seat passengers younger than 13 years compared with front seat passengers of the same age the aRR was 0.71 (95% CI 0.64 to 0.79) for unrestrained passengers in vehicles without an airbag and 0.53 (95% CI 0.41 to 0.70) for unrestrained passengers in vehicles with a front passenger airbag. For restrained passengers younger than 13 years, the aRR was 0.83 (95% CI 0.75 to 0.92) for passengers in vehicles without an airbag and 0.62 (95% CI 0.48 to 0.81) for passengers in vehicles with a front passenger airbag. For rear seat passengers 60 years or older compared with front seat passengers of the same age the aRR was 0.88 (95% CI 0.80 to 0.96) for unrestrained passengers in vehicles without an airbag and 0.91 (95% CI 0.77 to 1.09) for unrestrained passengers in vehicles with a front passenger airbag. For restrained passengers 60 years or older, the aRR was 1.02 (95% CI 0.93 to 1.12) for passengers in vehicles without airbags and 1.06 (95% CI 0.90 to 1.26) for passengers in vehicles with a front passenger airbag. Among restrained passengers 13-59 years, the rear seat appeared to offer no protection in cars with a front passenger airbag.
Using the same model that produced seat position estimates for table 2, we estimated the risk ratio of death of a restrained passenger compared with an unrestrained passenger (table 3). For a restrained child younger than 13 years compared with an unrestrained child the aRR was 0.44 (95% CI 0.38 to 0.51) in the rear seat and 0.37 (95% CI 0.32 to 0.44) in the front seat in vehicles with a front passenger airbag. In vehicles without a front passenger airbag, the aRR was 0.53 (95% CI 0.47 to 0.59) for children in the rear seat and 0.45 (95% CI 0.39 to 0.51) for children in the front seat. These estimates varied little by passenger age, except for the oldest passengers among whom restraints appeared to afford less protection. The aRR for death of a restrained passenger 60 years or older compared with an unrestrained passenger of the same age was 0.59 (95% CI 0.51 to 0.69) in the rear seat and 0.51 (95% CI 0.44 to 0.59) for passengers in the front seat in vehicles with a front passenger airbag. In vehicles without a front passenger airbag, the aRR increased to 0.71 (95% CI 0.63 to 0.81) in the rear seat and 0.61 (95% CI 0.54 to 0.69) for passengers 60 years or older in the front seat.
DISCUSSION
On average, the risk of death was 21% lower among passengers in the rear seat compared with front seat passengers. This apparent protection varied with age, restraint use, and airbag presence. The rear seat seemed to offer the greatest protection to children 0-12 years. Children seated in the rear seat had a lower risk of death compared with front seat passengers whether or not they were restrained. Among adolescent and adult passengers, the rear seat offered less protection with increasing age and when restraints were used. Restraints offered more protection to both front and rear seat passengers in vehicles with a front passenger airbag. In addition, restraints offered greater protection to front seat passengers compared with rear seat passengers.
Potential limitations of this study
The limitations of the matched cohort design are the same as those of any other cohort study: possible bias due to confounding, measurement error (misclassification), and missing data. The matched cohort design can estimate risk ratios as we have done in this study, but absolute risks cannot be estimated using only data from matched sets with the study outcome. Some data on restraint use, age, sex, or airbag status were missing for 16% of vehicles in our study sample. Analysis of complete records only relies on the assumption that data were missing at random. We used multiple imputation, which relies on the weaker assumption that data were missing at random conditional on the values of variables used for imputation. 12 Bias could still be present if the pattern of missing values were strongly related to unmeasured aspects of crashes or passengers.
Information about restraint use may be misclassified in some police crash reports in FARS data. However, crashes that involve a passenger death are investigated more intensely than minor crashes. According to one study, the police report was 91% sensitive and 88% specific for the use of a restraint among all passengers when at least one passenger in the vehicle died. 15 This suggests that our present study, which used data from passengers who crashed in the same vehicle with at least one dead passenger, may not be biased to an important degree due to misclassification of restraint use.
In our analysis, we added an interaction between seat position, restraint use, and front passenger airbag that should allow for the possibility that rear seat restraints improved over time (for example, through the addition of shoulder belts). This interaction term did not produce an important change in the estimates in our model.
Comparison with other studies
Evans and Frick used 1975-85 FARS data to estimate that among unrestrained occupants age 16 years and older in cars without airbags, the risk of death in the rear seat was 26% less compared with the front seat. 1 Their estimate was similar to our estimates of risk reduction among unrestrained occupants in cars without airbags: 30% reduction among those age 13-29 years, 25% reduction among those 30-59 years, and 12% reduction among those 60 years and older. They used a matched-pairs analysis that compared the outcomes of adults in the same vehicle. 16 This method should control well for many vehicle and crash characteristics. 9 Braver and colleagues used 1988-95 FARS data and estimated that the risk for death in the rear seat was 0.64 (95% CI 0.61 to 0.67), compared with the front seat, for children younger than 13 years and 0.68 (95% CI 0.67 to 0.69) for adolescents and adults. 2 For rear seat passengers younger than 13 years compared with front seat passengers of the same age the risk for death was 0.47 (95% CI 0.36 to 0.61) for unrestrained belted passengers and 0.35 (95% CI 0.19 to 0.66) for restrained passengers in vehicles with a front passenger airbag. Their risk ratio estimates were all further from 1 than corresponding estimates in our study. They treated FARS data as if it were from a cohort study of all crashes, and the estimated risk ratios were not adjusted for crash severity or any other potential confounders.
In a previous cohort study, we used 1993-2000 data from the National Highway Traffic Safety Administration's Crashworthiness Data System to estimate that the risk of death in the rear seat was 39% (95% CI 19 to 54%) less compared with the front seat. 5 The confidence intervals in our previous study were wide and included the average 21% protective effect estimate of our current study; however, the confidence intervals from our current study (95% CI 18 to 23%) suggest that an average 39% reduction in the risk of death in the rear seat is unlikely. We suspect that our newer estimates, which compared passengers in the same vehicle, may be less subject to bias due to confounding.
Berg et al studied children younger than age 15 years who crashed in Utah, and used a cohort design to estimate that the relative odds of death or serious injury was 0.59 (95% CI 0.50 to 0.63) for children in the rear seat compared with children in the front seat.
3 In Berg's study, 45% of the children died or were seriously injured; since the odds ratio will be further from 1 than the risk ratio when the outcome is common, the odds ratio from that study is difficult to compare with the risk ratios from other studies. 17 18 Durbin et al evaluated the effects of seating position and restraint use on the risk of serious injury to children younger than 16 years who were involved in crashes of insured vehicles in 15 US states from December 1998 through November 2002. 19 In that study, children in the front seat had a 40% greater risk of injury compared with children in the rear seat (OR = 1.4; 95% CI 1.2 to 1.7). Their analysis did not control for crash characteristics.
Using a matched-pair analysis, Evans estimated rear seat belt restraint effectiveness in FARS data for 1975 through 1985. In those years only lap belts were available for rear seat occupants. Evans estimated that lap belts reduced the risk of death by 18%. 16 This does not agree well with our estimate of a 50% reduction in the risk of death. While the method used by Evans should control well for most vehicle and crash characteristics, it could not simultaneously control for age or sex. In the era of that study, the use of a rear seat belt was uncommon. A small amount of misclassification of unbelted subjects to the belted group would bias the aRR toward 1. 6 A similar amount of misclassification would affect our current estimates less, as belt use is now common in the rear seat. 6 
CONCLUSION
We estimated that the rear seat passenger position may reduce the risk of death in a traffic crash by about 21%. The estimates suggest that the rear seat offered the greatest protection to children 0-12 years in cars with a front passenger airbag. The protective effect of the rear seat position decreased with increasing passenger age and with restraint use. The rear seat position offered essentially no protection to restrained adults in vehicles with front passenger airbags; for restrained adults, it appears that an airbag reduces the risk of death in the front seat to a degree that is about the same as that of the rear seat position. Restraints afforded greater protection to front seat passengers compared with rear seat passengers and more protection to passengers in vehicles with a front passenger airbag.
Previous studies have reported that the rear seat was safer for people of all ages; thus seating a young child in the rear has often meant that older children and adults had to assume an increased risk of death by sitting in the front. Our results suggest that when front passenger airbags are present and passengers are restrained, putting adults in front and children in back enhances child safety without sacrificing adult safety.
